In all major industries increasing importance is placed on the use of instruments that analyse process streams effectively and efficiently for long periods of practically unattended operation. This helps the process operator to keep an inventory of the materials leaving the process, and check the operating efficiency. In the field of pollution, it helps to confirm that the process is operated within the confines of usually stringent government regulations, in the form of set emission limits. The use of continuous or automated instruments usually cuts back on manpower requirements, while rigid maintenance becomes necessary because of the complexity of operating some of these sophisticated pieces of equipment.
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The Canadian pulp and paper industry is required to monitor the pollution it generates of water, air and land. This paper deals with what this industry has done, and is trying to do, in automating the monitoring of pollutant gases and particulate matter.
Brief kraft pulping process
The principal wood-chip pulping process is called kraft (see figure 1 ). Here, an aqueous solution of sodium sulphide (Na.S) and hydroxide is used to break down wood-chips, at high temperature and pressure, into fibres which are then washed, bleached and made into paper. The spent reagent, referred to as 'black liquor', now containing unused chemicals and dissolved lignin from the wood, is then concentrated and burnt in the chemical-recovery furnace, the lignin providing useful heat. The process steps of pulping, black liquor oxidation (to reduce pollution) and liquor transportation, oxidize the sodium sulphide to thiosulphate and sulphate. The oxidized chemicals are then reduced in the reducing zone of the recovery furnace back to NazS to be reutilized in the pulping step. The 
Monitoring of gases
The major source of pollutant gases and particulates in a kraft pulping process is from the recovery furnace, followed by the lime-kiln burning operations. Other emission sources are the digester,, smelt tank, evaporators, black liquor oxidation tank, washer hood vents and waste-water treatment operations. The pulp and paper industry monitors such pollutant gases as hydrogen sulphide (H2S), methyl mercaptan (CH3SH), dimethyl sulphide (CH3)28 and dimethyl disulphide (CH3)282, together referred to as total reduced sulphur (TRS). Other sulphur gases like SO2 and odourless carbonyl sulphide (COS) are also measured, the latter frequently being formed under overloaded furnace conditions. Gases other than those containing sulphur--usually products of combustion--are sometimes analysed in order to obtain an indication of the extent of combustion. These could be carbon monoxide, carbon dioxide, methane, oxygen and oxides of nitrogen (NOx) usually consisting of a mixture of nitric oxide (NO) and nitrogen dioxide (NO2).
Analysing these gases on a continuous basis is made difficilt because they are normally at elevated temperatures and contain significant amounts ofmoisture and particulate matter. Also, the sulphur compounds are even more difficult due to their reactivity and corrosiveness. Some ofthe the problems encountered can be eliminated by prefiltering the gases, and maintaining the temperature of the gas above its dew-point at all times or condensing out the moisture. Inert materials, like Teflon, should be used to transport particularly the sulphur gases from the flue duct to the analytical instrument in the least possible time, in order to prevent interaction among the compounds, as between HzS and SO2, in the presence of moisture.
Sample-conditionin9 devices
Quite frequently, the sample gas, as drawn from the process stream, is unfit to be led directly into the analytical instruments for reasons of fouling up the inside of the systems, or causing serious errors in measurements due to certain interferences. In such cases, the sample has to be preconditioned in order to achieve uninterrupted analysis for a reasonably long period of time.
Sample handling and conditioning systems are usually designed to extract the sample from the flue gas duct and transfer it to the analytical instrument for subsequent analysis, without changing the concentration or character ofthe constituents to be White Liquor [4] , and probes equipped with automatic blowback features by Thoen et al. [5] .
In (1) Glass-wool placed at the head of the sample probe.
(2) A blowback system employing a sintered stainless-steel or ceramic head placed in a stainless-steel tube.
(3) An 'inertial filter' I-6] utilizing the principle of particulates segregating to the middle of a fast-moving gas stream.
Fine particulates can be filtered off by the use of small diameter, pore-size fibre-glass filters, which are placed downstream of the coarse filter.
Water vapour in the sample gas can be separated out by allowing condensation to occur in a catchpot containing an acid such as H2SO4, which helps to release any sulphur gas, like H2S, that might be absorbed by the condensate, back to the gaseous phase. The alternative is to prevent condensation of the moisture by maintaining the temperature of the gas above the dew-point by either heat-tracing the sample lines, diluting the sample gas with N2 or using a semi-permeable membrane to separate water vapour from other gas constitutents.
Continuous sulphur gas detectors
A number of analytical devices for measuring sulphur gas concentrations in gas streams are available on the market, the most notable of these are based on the principles of flame photometry, ultra-violet spectroscopy and electrochemical sensing.
Flame photometers Advantage is taken of those compounds like sulphur and phosphorus, which, when burnt in a hydrogen-rich flame, emit characteristic coloured light which is monitored for its intensity and related to the concentration. This principle was first put into practical use by Brod7 and Chaney [7] in 1966 by developing the flame photometric detector (FPD), which is used with 526 and 394 nm wavelength filters for measuring phosphorus and sulphur respectively. Another version of this single flame detector has been reported by Gangwal [8] : it utilizes two flames 144 and is said to give a more uniform response and to eliminate interference due to high organic background.
The FPD detector can be used with instruments measuring total gas concentrations (non-separating) or individual concentrations (separating). In the former configuration the sample gas is fed continuously to the detector which responds to the particular species it is attuned to. An example of this is the Meloy Sulphur Analyzer [9] . In the second configuration, a mixture of the gases is separated into its individual constitutents before being directed to the detector for measurement. This is usually achieved with gas-separating columns, such as those used in gas chromatography. The Only intermittent analyses can be obtained with gas chromatographs, but the cycle times can be decreased significantly to obtain rapid analyses which are within the reporting time requirements specified by some regulatory agencies. This is usually done with chromatographs that have been automated.
An example of this is one dedicated GC for sulphur analysis that was completely developed at PPRIC by de Souza et al. [10] . In this analyser ( figure 3 ) the sampling and analytical procedures, data collection, processing and printing and/or display of the results, directly in ppm concentrations, are fully controlled by a microcomputer. A sample of the analysis report of six sulphur compounds is shown in figure 4 ; the analysis was completed in about 10 miri by the use of three separating columns made of specially treated Porapak QS polymer [11] Figure 7 . Cut-away view of a fuel cell used in the analysis of gaseous sulphur compounds.
The sensor responds to one gas component at a time, so the TRS mixture has to be oxidized to SO2 prior to measurement; with the possibility of accompanying interference from carbonyl sulphide and the like. The detector is said to be relatively interference-free, maintaining stable calibration without substantial drift in response for long periods of time and requiring minimal maintenance [13] .
Possible operating difficulties could be due to particulate matter plugging the pores of the membrane, water-vapour condensation in the detector causing erratic response, and sulphuric acid mist, if present, causing severe corrosion. The sensor is temperature-and pressure-dependent and could be subject to delayed response times.
Continuous non-sulphur gas detectors In this group can be included such gases as 02, NOx, CO 2, N2
and CO. Only a few of these are measured on a continuous basis in the industry, although most of them can be monitored without interruption. Only the first two gases will be discussed here.
Oxygen
There are two popular ways of monitoring oxygen from process streams on a continuous basis: by polarography and by exploiting the paramagnetic properties of oxygen. The sensor of the polarographic instrument contains a silver anode and a gold cathode, both of which are protected from the sample by a thin membrane of Teflon. An electrolyte of KC1 solution is also used. Oxygen from the sample gas diffuses through the membrane and is reduced at the cathode when a potential is applied across the electrodes, causing a current to flow, thus:
At anode: 4Ag + 4C1--4AgC1 + 4e At cathode: 0 -t-2H20 +4e4OH-
The magnitude of the current generated is proportional to the concentration of O2 in the sample gas.
Instruments are also available that utilize the unique property of O2 to be attracted into a magnetic field (paramagnetic), whereas most other gases are slightly repelled out of a magnetic field (diamagnetic). Thus, by measuring the magnetic susceptibility of a sample gas mixture, its oxygen content can be determined. Charge transfer When an electrically charged particle comes in physical contact with a sensing electrode, the electrical charge is transfered to the electrode. This charge transfer is then measured as a flow of electrical current from the sensor and is the basis of instruments utilizing this principle.
This is a single-point measuring technique with many potential problems, one of which is the disproportionate response to submicron particles which do not contribute proportionally to mass. The sensor is affected by the degree of saturation of the sample gas [17] and is subject to invalid calibrations due to changes in particulate shape and size distribution. Also, the probability and nature ofphysical contact between the particulates and the sensor depend upon the composition and surface properties of the particulates, the sensor, the flow characteristics of the sample stream and the degree of contamination of the sensing element.
Data recording and processing
Almost all types of analysers are now equipped with some form of data-gathering system. For continuous monitoring, it is very important to acquire the right type of data reducing and reporting system so as to minimize manual effort and obtain the final print-out in practical units.
Analogue strip or circular-chart recorders are the most commonly used data-gathering devices, the former offer great versatility, the latter being limited by the chart length and poor time resolution.
Digital recorders record intermittently either instantaneous or integrated values, for a given time period. They do not process the data, but can be easily interfaced with a computer for data processing.
Data processors, on the other hand, can not only record data, but also average and compute emission standards, thereby eliminating manual effort of data reducing. Generally, there are two data-processing methods. The first interfaces the analyser with an analogue-to-digital converter which in turn is connected to the mill computer. The latter accepts the digital signals and performs the necessary calculations for the final print-out. The second method is to have a dedicated computer to process only the continuous monitoring data from the analyser; ofcourse, it is more expensive. With these computers, the final report can be set to desired formats often involving provisions to indicate emission rates in process terms and emissions which exceed the amounts or guidelines set by the regulatory bodies for a particular pollutant.
